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CPG-based Control for Quadruped Robot
That Exploits Head Motion
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Pl Ry b (quadruped robot), HEHZHUEIE (decentralized control),

CPG (Central Pattern Generator), 2K H (postural reflex)
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Quadruped robot model that exploits head

motion.
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Postural reflex mechanism.
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Table 1 PUHiTARY hD/NT X=X,
Parameters of quadruped robot.

Parameters Value [Unit]
Head mass 0.10 [kg]
Total mass 1.25 [kg]
Leg length 0.12 [m]
Shoulder (Hip) length 0.12 [m]
Trunk length 0.17 [m]
Spring constant of neck joint | 2.40  [N-m/rad]
o 0.60 [rad/N-s]
p 10.0 [1/]
Camp 0.1m [rad]
Lamp 0.006 (]
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Phase differences between oscillators and gait diagrams.

130.02 ~ 0.28 [m] DHEPITEILTE, TN Th
DINT A —=RIZBEWT 60 BREIDOSHITEREIT-
7. M5 A —&I1FE1ITRT.
FEROFERZM 3I1TRT. BITERIZBNT
L U7z T A —&X % x TRLU, EBESHITLUE
NI A =R ZHOAMEBERIZIGE U THBINT
W5, JHIDAAHBESR Ay IFIRA TR LU 72 -

Agij = %(1 + cos(¢; — ¢5)) (3)

ZNZTNONAHBIROMEE B 5D RGB &
DEUTz. g0 l3H, di3 130k, ¢y l3fKs) % 7
LTWa. 2070, EEiMOMHEIITLT, A
BIOAAEDFIIL, OO AFEI S 2
trot DL LAk, EEREOMHLFEIEL, fio
MDA DA T B pace GG IXHE, E&HO
NAEDEA L, MDA A FEE T % bound
DLGEHRTELIND., FHRERLUIAT
A—=ZDTA NEAT 7T L% 3(a),(b),(c) I
KUz, T4 NEAT 25 LDELEEAM
DR (N; > 0) 2R

B3P o, BORIDVENGE, wDZEIC
Jii U C walk %2 5 pace ~DER D AFEHLT 5203,
EORIVEWGSE, wDZLITE L T walk 2
5 pace, pace 25 bound &\ 5 & GH A D
SRESDVHERTE 2. ZThix, REGIERNIZ
L BRBEEABFIZLD, HVRELS THEARL
BN DEET 5 Z 270, EREEROSED
FEE U0 EZON5.

4. BbHYIC

ARG TIE, TEE O E) D HE B D
KEBEBIZEZBHBIZOWTHERT B, &
HEOSDPIRELZ CPG EF VA HWTCHETZ2HE
AWM R Y S OSITEREF TS Ia b —
Yayv ETiio7z. BEKNAN=ZX LT
TEHPELS LB BALZESIE D T LD HE
7D, EEBEIEE TR T bound HENDE
BRI N, 5’1, &HRTOEREK
fEfrs TRy I X BMEESERE T,

— 4 —



N

AR DFEBIREE ORIl 2 Hi5 7.

B AE

AWz D —ikl%, JST CREST (77 v b &

[}

S

5.

JP-MJCR14D5) DX %#%J7-HDTH
IR OEER LT,

S 3R

D

2)

10)

E. Muybridge: Animals in motion, Dover Pub-
lications (1957)

T. G. Brown: The intrinsic factors in the act
of progression in the mammal, Proc. R. Soc.
Lond. B 84-572, 308/319 (1911)

M. L. Shik, F. V. Severin, and G. N. Orlovskii:
Control of walking and running by means of
electrical stimulation of the midbrain, Bio-
physics, 11, 659/666 (1966)

D. Owaki, T. Kano, K. Nagasawa, A. Tero, A.
Ishiguro: Simple robot suggests physical inter-
limb communication is essential for quadruped
walking, Journal of The Royal Society Inter-
face, 10-78, 20120669 (2013)

D. Owaki, A. Ishiguro: A Quadruped Robot
Exhibiting Spontaneous Gait Transitions from
Walking to Trotting to Galloping, Scientific
Reports, 7-1, 277 (2017)

A. E. Minetti, L. P. Ardigo, E. Reinach and F.
Saibene: The Relationship between Mechani-
cal Work and Energy Expenditure of Locomo-
tion in Horses, The Journal of Experimental
Biology, 202-17, 2329/2338 (1999)

N. R. Deuel and L. M. Lawrence: Neck and
shoulder motion of the gallop stride Journal
of Equine Veterinary Science, 8-3, 243/248
(1988)

H. H. F. Buchner, H. H. C. M. Savelberg,
H. C. Schamhardt and A. Barneveld: Inertial
Properties of dutch warmblood horses Journal
Biomechanics, 30-6, 653/658 (1997)

PR RER, R DE, R oK, AHE =R gEE
EFHOWEMIZES Wt —Y 3 vOEHER
B, B BHEEIHRIATL - Y URYY
L, 112/115 (2016)

KK, BoARKRE, R, ARFR: JEIRES)
DIEMA L 72U Ry O Walk-Pace-Rotary
gallop M REK, HAKKTYS R4
J A - AF) b= T AGEEE 2016, 1A2-05al
(2016)

11)

12)

13)

14)

S. Suzuki, D. Owaki, A. Fukuhara and A.
Ishiguro: Quadruped Gait Transition from
Walk to Pace to Rotary Gallop by Exploiting
Head Movement, Conference on Biomimetic
and Biohybrid Systems, Springer Interna-
tional Publishing, 532/539 (2016)

R. Magnus: Cameron prize lectures on some
results of studies in the physiology of posture,
THE LANCET, 211-531 (1926)

G. M. Shepherd: Neurobiology, Oxford Uni-
versity Press (1988)

S.  Russell:
http://ode.org.

Open dynamics engine,



